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0929-6441/ª 2014, Elsevier Taiwan LLTo review the clinical data and sonographic implications of hepatic portal venous gas (HPVG),
we collected 447 cases of HPVG from the MEDLINE database and the National Taiwan University
Hospital, Taipei, Taiwan database and analyzed etiology, radiographic findings, diagnostic
tools, and outcome of all the cases. Among them, 61% of cases were nonischemic bowel dis-
ease. Mortality rates are significantly influenced by bowel ischemia and pneumatosis intestina-
lis. Ultrasound-diagnosed HPVG was more frequently reported after 1980 and associated with
etiology. In conclusion, the number of cases with ultrasound-diagnosed HPVG is increasing. The
etiology of HPVG should be searched and coincident imaging findings, including pneumatosis
intestinalis, should be evaluated.
ª 2014, Elsevier Taiwan LLC and the Chinese Taipei Society of Ultrasound in Medicine.
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Hepatic portal venous gas (HPVG) is considered an ominous
sign, referring to an abdominal catastrophe. It was firstdid not receive any financial
est.
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C and the Chinese Taipei Societydescribed in 1955 by Wolfe and Evans [1] in six infants dying
from necrotizing enterocolitis. Four of them had a vascular
pattern of gas in the liver seen on plain films prior to death.
In 1978, Liebman et al [2] reported 64 cases of HPVG with a
mortality rate of 75%. Moreover, the mortality rate might
be as high as 90% in patients with mesenteric artery oc-
clusion when complicated with HPVG [3]. Recently, HPVG is
also found in a more extended spectrum of clinical settings
as a result of improvements in imaging modalities such as
diverticulitis, ventral hernia without ischemic bowel [4],
hypertrophic pyloric stenosis [5], chronic obstructive pul-
monary disease (COPD) [6], iatrogenic gastric dilatation [7],of Ultrasound in Medicine. Open access under CC BY-NC-ND license.
Table 1 Characteristics of the 447 patients with hepatic
portal venous gas.
Ischemic
etiology
Nonischemic
etiology
Total p
Total number 176 (39) 271 (61) 447
Age 1e65 y 64 (36) 161 (59) 225 (50)
Age <1 or >65 y 103 (59) 105 (39) 208 (47) <0.0001
Unknown age 9 (5) 5 (2) 14 (3)
Mortality 110 (63) 48 (18) 158 (35) <0.0001
Mortality in age
1e65 y
37 (34) 27 (56) 64 (41)
Mortality in age
<1 or >65 y
65 (59) 20 (42) 85 (54) 0.0153
Mortality in
unknown age
8 (7) 1 (2) 9 (5)
Data are presented as n (%).
Hepatic Portal Venous Gas 67ileus [8], blunt abdominal trauma without ischemic bowel
[9], extracorporeal shockwave lithotripsy [10], Crohn dis-
ease [11], appendicitis [12], liver abscess [13], superior
mesenteric artery syndrome [14], enterovascular fistula
[15], perforated gastric ulcer [16], jejunal feeding tube
[17], nonocclusive mesenteric ischemia [18], and hydrogen
peroxide ingestion [19]. Not all the conditions require sur-
gical intervention. Benign HPVG is that which is caused by a
condition other than ischemic bowel disease. Additionally,
the mortality rate of HPVG decreases to 25% [20].
Sonography is a noninvasive, easy-to-perform, and
readily accessible diagnostic tool. HPVG detected by ul-
trasound (US) was first reported by Fataar et al [21] in 1986.
They described a 55-year-old man with sigmoid diverticu-
litis whose ultrasonogram showed some small hyperechoic
foci in the region of the dome of the liver and then
throughout the liver 2 days later, referring to HPVG. US is
frequently used for diagnosing HPVG and has a well-
established role in detecting the presence of HPVG and
distinguishing it from gas in the bile ducts [22e24].
Furthermore, HPVG detected by US can predict poor
outcome in out-of-hospital patients in cardiac arrest [25].
However, previous studies were limited by case reports and
sonographic implications were not thoroughly investigated.
This review analyzes the clinical data from cases of this
entity from the literature, including 19 patients we treated,
and investigates sonographic implications of HPVG.
Patients and methods
We performed a search of the MEDLINE database (National
Library of Medicine, Bethesda, MD, USA) for HPVG, using
“portal venous gas” and “gas in the portal vein” as key-
words. Other articles were identified by cross referencing.
All literature is in English. The search spanned from 1955
through September 2012. Four hundred and twenty-eight
cases identified from the literature search were included in
the analysis. Cases with HPVG at postmortem or cardiac
arrest were excluded. We reviewed etiology, radiographic
findings, diagnostic tools, and outcome of all the cases.
These cases, along with the 19 cases in which the diagnosis
was made at the National Taiwan University Hospital, Tai-
pei, Taiwan were put into analysis. Statistical analyses
were performed using SAS version 9.2 software. Student
t test was performed for continuous data, as well as the
Chi-square test for categorical data. A p value < 0.05 was
considered significant.
Results
During this review period, there were 447 patients in whom
HPVG was diagnosed, including 19 cases that were treated.
Among them, 257 patients (61%) were male. Their clinical
data are summarized in Table 1. The age ranged from
0 years to 100 years and the mean was 54.6  24.7 years.
HPVG resulting from ischemic bowel was frequent in pa-
tients younger than 1 year or older than 65 years. However,
the age of 14 patients and the sex of 28 patients cannot be
identified in the literature.
The mortality rate caused by ischemic bowel is higher
than the rate caused by nonischemic bowel, especially inpatients younger than 1 year or older than 65 years. Among
nonischemic bowel etiologies, the most common cause of
HPVG is iatrogenic-related (19%, N Z 54), such as enema,
endoscopy, and interventional procedures, followed by
diverticulitis (10%, N Z 29) and ileus (9%, N Z 26). Other
etiologies include hollow organ perforation (N Z 17), in-
flammatory bowel disease (N Z 13), blunt abdominal
trauma without ischemic bowel (N Z 11), idiopathic cause
(N Z 11), acute pancreatitis (N Z 9), shock (N Z 9), liver
transplantation (N Z 7), enterocolitis (N Z 7), chemo-
therapy (N Z 6), cholangitis (N Z 4), gastrointestinal
volvulus (N Z 4), gastrointestinal hernia (N Z 4), superior
mesentery artery syndrome (N Z 4), chronic obstructive
pulmonary disease (N Z 4), gastric ulcer (N Z 4), emphy-
sematous gastritis (N Z 3), hypertrophic pyloric stenosis
(NZ 3), liver abscess (NZ 2), cholecystitis (NZ 2), intra-
abdominal abscess (N Z 2), appendicitis (N Z 2), acute
fulminant hepatitis (NZ 2), emphysematous pyelonephritis
(N Z 2), graft versus host disease (N Z 2), hydrogen
peroxide ingestion (N Z 2), and infrequent causes (total
number 26, N Z 1 respectively).
With the advancement of imaging modalities, the diag-
nostic tools for HPVG have changed. Prior to 1990, there
were only four reported cases of HPVG diagnosed by US,
and HPVG was frequently detected by plain films. After
1990, there were 80 cases diagnosed by US (Table 2).
Although a certain percentage of the cases of HPVG needed
CT to confirm the diagnosis, some cases of HPVG were
found only by US.
Table 3 shows the relationship between mortality rate
and HPVG with/without pneumatosis intestinalis (PI). The
presence of PI in patients of HPVG was associated with
ischemic bowel and poor outcome.
Additionally, our review focused on sonographic impli-
cations of HPVG (Table 4). The etiologies of US-diagnosed
HPVG were frequently associated with benign HPVG.
Discussion
HPVG was thought to be a fatal sign and predictive of bowel
ischemia [8]. However, we can find that HPVG caused by
Table 4 Etiology and mortality of 84 cases with hepatic
portal venous gas diagnosed ultrasonographically.
Number
(84)
Etiology
Ischemic bowel 31
Nonischemic bowel 53
Mortality 24
Table 2 Changing trends in diagnostic tools for hepatic
portal venous gas.
Diagnostic tool Prior to 1990
(n Z 87)
After 1990
(n Z 360)
CT alone 6 254
Plain film alone 75 11
US alone 3 38
Plain film þ CT 1 13
Plain film þ US 1 2
Plain film þ US þ CT 0 2
US þ CT 0 38
ERCP 0 1
Surgery 1 0
Barium enema 0 1
CT Z computed tomography; ERCP Z endoscopic retrograde
cholangiopancreatography; US Z ultrasound.
68 C.-Y. Huang et al.nonischemic bowel disease was increasingly reported over
the past 20 years. Analytical results show the pooled mor-
tality rate is as low as 35%, which can be explained to be
buffered by the lower mortality rate of HPVG caused by
nonischemic bowel disease. Additionally, among non-
ischemic bowel-related HPVG, an iatrogenic cause is the
most common.
Two mechanisms were proposed for the development of
HPVG: (1) microbe-derived gas production, such as appen-
dicitis or diverticulitis, and (2) absorbed intraluminal air
caused by an impaired epithelial barrier or increased
intraluminal pressure, such as caustic ingestion, superior
mesenteric artery syndrome, or ileus [26]. In our review, we
also found some cases of HPVG that are difficult to explain
by these two mechanisms, such as HPVG caused by COPD or
emphysematous pyelonephritis. In the patient with COPD,
shortness of breath and dyspnea may cause much gas to be
ingested into the gastrointestinal tract and bowel disten-
tion, and mucosal tears allowing the entry of air into the
intramural part of bowel that then migrates into the portal
circulation, which contributes to the development of HPVG
[27]. In a patient with emphysematous pyelonephritis, air in
the portal vein may be caused by aerogenic bacteremia
[28], portosystemic shunt [29], or an inflamed mesenteric
venous bed from colitis caused by inflammatory tracking
from pyelonephritis [30]. However, a certain percentage of
HPVG was idiopathic [4].Table 3 Relationship between mortality and hepatic
portal venous gas with/without pneumatosis intestinalis.
HPVG
with PI
(n Z 131)
HPVG
without PI
(n Z 316)
p
Etiology
Ischemic bowel 84 (64.1) 92 (29.1)
Nonischemic bowel 47 (35.9) 224 (70.9) <0.0001
Mortality 64 (48.9) 94 (29.7) 0.0001
Data are presented as n (%).
HPVG Z hepatic portal venous gas; PI Z pneumatosis
intestinalis.Prior to 1990, plain film was frequently used to diagnose
HPVG and is still the current standard imaging modality of
choice in most emergency departments. On a supine plain
abdominal radiograph, HPVG appears as branching, linear,
radiolucent vessels that may extend from the region of the
main portal vein toward the periphery of both hepatic
lobes, especially in the edge of the liver within 2 cm of the
liver capsule. However, plain film is not sensitive enough for
HPVG [31]. Because of advancements in diagnostic tools,
incidental findings of HPVG has occurred more often. In
1986, US was first used for diagnosing HPVG [21]. On real-
time ultrasonography, HPVG is viewed as small, mobile,
echogenic foci moving quickly in the direction of blood flow
inside the lumen of the portal vein [32]. Doppler studies
show these foci to produce audible crackles and sharp
bidirectional spikes superimposed on the usual Doppler
tracing of the portal vein. The main limitation of US is
operator dependence [32]. On CT scan, HPVG appears as
peripheral, subcapsular, branching hypodensities in the
liver, predominantly in the left lobe because of its ventral
location [33]. Otherwise, HPVG can be differentiated from
pneumatobilia on CT scan because it tends to accumulate
peripherally as a result of the centrifugal flow of portal
venous blood as opposed to the centripetal flow of bile [34].
In one analysis of T-tube cholangiograms, Sisk found no
patient in whom contrast material came to within 2 cm of
the liver capsule, whereas normal portal venograms
demonstrated the venous radicles extending almost to the
periphery of the liver. Because of the nature of the flowing
blood, HPVG is usually transient unless continued large
amounts of gas are produced [34]. Although both CT and US
are more sensitive than plain radiography for detection of
HPVG, sometimes HPVG may only be seen on US [32,35,36].
This may be because HPVG is a transient phenomenon as a
result of high blood solubility gas-like carbon dioxide or
even higher sensitivity of ultrasound for a small amount of
gas [36].
In the past time, the presence of HPVG and PI is pre-
dictive of bowel infarction. Mortality rates have been re-
ported to exceed 75% in patients in whom PI and HPVG are
both seen on plain films [2,37]. In the study by Wiesner et al
[38], approximately 91% of patients with both HPVG and PI
show transmural bowel infarction (NZ 16). Wayne et al [4]
studied 88 cases of HPVG or PI, and found that small bowel
PI is an indicator of bowel ischemia (p Z 0.04, odds
ratio Z 5.1, confidence interval Z 1.2e21.4). In the study
by Kernagis et al [39], nine of the 15 patients with PI had
bowel ischemia and four of them had HPVG. The remaining
six patients with PI had no bowel ischemia and none of
them had HPVG. Khorram-Manesh and Oden [40], in a case
Hepatic Portal Venous Gas 69series, showed HPVG combined with PI does not influence
mortality significantly (105 patients, p Z 0.4, odds
ratio Z 1.48, confidence interval Z 0.59e3.75). However,
in our review, we find that when accompanied by HPVG, PI
is significantly associated with bowel ischemia and mor-
tality. The conflicting results may be because of different
case numbers. To our knowledge, our review is the largest
regarding HPVG.
Despite the contributions, our review has several limi-
tations. First, publication bias exists in the included
studies. HPVG is considered an ominous sign that journals
may have a tendency to accept papers reporting a favor-
able outcome of HPVG, such as “benign HPVG”. Therefore,
the pooled mortality rate may not reflect real conditions.
An actual percentage of ischemic bowel-related HPVG may
not be reported in the literature. Second, the cases with
HPVG diagnosed by US were still limited. However, US is
operator dependent and sonographers may not be familiar
with evaluation for ischemic bowel. In conclusion, the
number of cases with US-diagnosed HPVG is increasing.
However, the etiology resulting in HPVG should be care-
fully examined, especially ischemic bowel. Coincident
presence of PI is associated with ischemic bowel and high
mortality.
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